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(54) Optical Waveguide filter and production process thereof 



(57) Core comprises a main stem which is formed 
on a substrate (1 0), linearly extending in the beam prop- 
agating direction and short branches (12a, 12b) with a 
certain length which extend perpendicularly to the beam 
propagating direction (16) toward both sides along the 
plane of the substrate and are arranged at regular inter- 
vals in the beam propagating direction. Thus, the 
branches are arranged in a ladder geometry when it is 
viewed from the top, forming a rectangular waveform 
arrangement. The core (12) constitutes a grating struc- 
ture in which the width of the core is made to vary peri- 
odically with the branches in the beam propagating 
direction. 



Fig .4 A 




Fig.4B 




in 



oo 



Printed by Xerox (UK) Business Services 
2.15.2/3.4 



BNSDOCID: <EP 0810454A1 I > 



EP 0 810 454 A1 

Description 

BACKGROUND OF THE INVENTION 
s (1) Field of the Invention 

The present invention relates to an optical device, in particular relating to an optical waveguide filter and a produc- 
tion process thereof. 

10 (2) Description of the Prior Art 

Conventionally, a fiber grating producing method has been the technology used for producing devices for wave- 
length filters in a fiber. 

In general, gratings have two types, namely, radiation gratings and reflection gratings. As shown in Fig 1 the former 
is couples the mode (p) that propagates through the core, with the cladding mode (pclad); the latter couples the mode (p) 
that propagates in the positive direction through the core, with the mode (pref) that propagates in the negative direction 
This coupling is enabled by a perturbation arising in the core. 

In a typical optical fiber, this perturbation is caused by variation in refractive index. The variation in refractive index 
occurs periodically at intervals of some 100 urn for a radiation type, and at intervals of about 1 ^m for a reflection type 
20 so as to allow coupling between the modes. 

For a grating in a planar waveguide, variation in refractive index of the core was formed after the production of the 
waveguide. As seen in Japanese Patent Application Laid-Open Hei 7 No. 281,016, for example, for a reflection type 
waveguide, variation in refractive index of the core is formed after the production of the waveguide. In this publication 
as shown in Fig.2A, a waveguide is formed of a core a and a cladding b. This is modified by the addition of some impu- 
rity such as germanium (Ge) oxide etc. The resultant is illuminated across a prescribed range c with ultraviolet light with 
interference fringes, so as to produce a diffraction grating in which the refractive indices of core a and cladding b within 
the prescribed range c are changed periodically in the beam propagating direction, as shown in Fig.2B. 

Up to now, however, no radiation grating has been reported to be successfully produced using a planar waveguide 
because of difficulties in its fabrication etc., as will be described next. In the conventional art. silica substrates were usu- 
ally used. When the refractive index was modified after the production of the waveguide, the substrate was left for some 
days in a hydrogen gas atmosphere under a pressure of 100 atm so as to diffuse hydrogen into the silica thus causing 
variation in refractive index of the core. That is, this process needed several days after the production 'of waveguide 
chips. 

Since the presence of hydrogen increases the refractive indices of the cladding and core, the properties of the grat- 
ing change some days after its production. This change should be taken into account when it is fabricated. 

For a radiation grating, the grating pitch is of some 100 urn, but it is difficult to control the wavelength center (within 
1 nm) unless the accuracy of forming the grating is of sub-micron level. 

The mask for ultraviolet light to be used for a photolithographic process, will be damaged by ultraviolet irradiation 
This limits the material for the mask. That is, chromous masks, which are used for semiconductor processes etc can 
not be used. Further, the thickness of the mask should be made large considering the damage by the irradiation From 
this requirement, the accuracy in the fabrication of the masks of stainless steel which are now commonly used is of +5 
nm. 

Even if the accuracy of the mask was within 1 jim, it is still difficult to control the wavelength center if the energy 
density of ultraviolet light is poor in its uniformity. Further, other than the wavelength center, if there is degradation of 
constituent parameters for each part of the grating, the inhibiting band of the grating becomes wider, making it impos- 
sible to obtain the designated band width. 

When the reflecting and absorbing performances of the substrate are considered, silica is most preferable for the 
material of the substrate. For example, when a Si-substrate was used, abrasion damage occurred due to the processing 
by laser with an energy density of 1 mJ/mm 2 In order to prevent this, it is necessary to reduce the energy density to 1/5 
so of the present level. 

For the case of a planar waveguide, since the area of it is greater than that of the fiber, the number of chips which 
can be produced per each laser irradiation is limited to five or below (for a fiber, 30 or more can be produced). 

SUMMARY OF THE INVENTION 

55 

The present invention has been devised in order to solve the conventional problems described above and it is 
therefore an object of the invention to provide an optical waveguide filter and a production process thereof wherein a 
grating for a planar waveguide can be produced in a reduced processing time with high processing accuracy while the 
substrate can be formed of a material which is selected from a wide variation and is controllable to produce a free 
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shape. 

In order to achieve the above object, the present invention has configurations as follows: 

In accordance with the first aspect of the invention, an optical waveguide filter having a planar optical waveguide in 
which an optical waveguide is formed along a substrate, is characterized in that the optical waveguide has a grating 
5 structure in which the width of the waveguide is varied periodically in the beam propagating direction. 

Next, the second aspect of the invention resides in an optical waveguide filter having the above first feature, 
wherein the optical waveguide is structured of a core along the substrate and a cladding enclosing the core. 

The third aspect of the invention resides in an optical waveguide filter having the above second feature, wherein the 
core is mainly composed of Si0 2 to which one or more than one kind of substances such as Ge0 2 , B 2 0 3 , P2O5 and 
10 the like are added in appropriate amounts. 

The fourth aspect of the invention resides in an optical waveguide filter having the above second feature, wherein 
the cladding is mainly composed of Si0 2 to which one or more kinds of substances such as B 2 0 3 , P 2 0 5 and the like 
are added in appropriate amounts. 

The fifth aspect of the invention resides in an optical waveguide filter having the above second feature, wherein the 
15 cladding has a lower refractive index than the core. 

In accordance with the sixth aspect of the invention, a production process of an optical waveguide filter whereby a 
planar waveguide is produced by forming an optical waveguide along a substrate, includes: an optical waveguide form- 
ing step for creating a core to be an optical waveguide having a grating structure in which the width of the core is varied 
periodically in the beam propagating direction; and a waveguide embedding step for covering the formed core with a 
20 cladding having a lower refractive index than the core so as to allow the core to be an optical waveguide. 

The seventh aspect of the invention resides in a production process of an optical waveguide filter having the above 
sixth feature, comprising the steps of: 

using a Si-wafer as the substrate; 
25 depositing glass soot on the wafer by flame hydrolysis deposition (FHD); 

sintering the deposited glass soot to form a cladding glass layer; 

forming a Si-resist film over the cladding glass layer by Ar-sputtering deposition; 

forming a core pattern by photolithography; 

forming a core by reactive ion etching (RIE); and 
30 filling a cladding around and over the core to embed the core by the same FHD and sintering process. 

The eighth aspect of the invention resides in a production process of an optical waveguide filter having the above 
sixth feature, wherein the optical waveguide has a grating structure in which the width of the waveguide is varied peri- 
odically in a rectangular waveform arrangement in the beam propagating direction. 
35 The ninth aspect of the invention resides in a production process of an optical waveguide filter having the above 
sixth feature, wherein the optical waveguide has a grating structure in which the width of the waveguide is varied sinu- 
soidally in a trigonometric functional manner in the beam propagating direction. 

The tenth aspect of the invention resides in a production process of an optical waveguide filter having the abov 
sixth feature, wherein, in forming the grating structure having a core to be an optical waveguide, the core of th 
40 waveguide is cut through by forming a plurality of slits along planes which are perpendicular to the beam propagating 
direction, at intervals of an arbitrary distance to form an intermittent configuration. 

The eleventh aspect of the invention resides in a production process of an optical waveguide filter having the abov 
sixth feature, wherein the grating structure formed is of radiation type. 

The twelfth aspect of the invention resides in a production process of an optical waveguide filter having the above 
45 sixth feature, wherein the grating structure formed is of reflection type. 

In accordance with the invention, without producing a grating after a waveguide has been formed as in the conven- 
tional method, a waveguide is shaped into a grating structure by varying the width of the waveguide core periodically in 
the beam propagating direction so that the effective refractive index of the waveguide core changes periodically. 
Accordingly, without modifying the fabrication process of waveguides, it is possible to produce gratings. 

50 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig.1 is an illustrative view showing mode coupling between typical reflection and radiation gratings; 
Figs.2A and 2B are cortfigurational views illustrating a wavelength filter; Fig.2A shows formation of a conventional 
55 waveguide and Fig.2B shows production of variation in refractive index of the core after the formation of the con- 
ventional waveguide; 

Fig.3A is a perspective view showing an optical waveguide filter in accordance with the embodiment of the inven- 
tion; 

Fig.3B is a front view showing an optical waveguide filter in accordance with the embodiment of the invention; 
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Fig.4A is a plan view for illustrating the structure of the optical waveguide filter shown in Figs.3A and 3B; 
Fig.4B is a side view for illustrating the structure of the optical waveguide filter shown in Figs.3A and 3B; 
Figs.5A-5D are illustrative views showing the production process of an optical waveguide filter in accordance with 
the embodiment; 

Fig.6A is a chart showing the effect of the invention, illustrating the calculated results for a specific example of a 
filter based on the BPM; H 
Fig.6B is an illustration showing the dimensions of the waveguide filter of Fig.6A; and 
Fig.7 is a chart illustrating the filtering characteristics of a grating filter of an example of the invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

The embodiment of the invention will be described in detail with reference to the accompanying drawings. 

Figs.3A and 3B are perspective and front views showing an optical waveguide filter in accordance with the embod- 
iment of the invention. Figs.4A and 4B are plan and side views for illustrating the structure of the same filter. 

As shown in Figs.3A and 3B and Figs.4A and 4B, this optical waveguide filter is a planar optical waveguide in which 
a core 12 provided along a substrate 10 is enclosed by a cladding 14 forming an optical waveguide. Core 12 is config- 
ured in such a manner that the width periodically changes in beam propagating direction 16, thus forming a qratina 
structure. 

The material of substrate 10 is not limited to silica but may use silicon (Si) or other various kinds of material. 

Core 12 comprises a main stem 12a which is formed on substrate 10, linearly extending in the beam propagating 
direction and short branches 12b with a certain length which extend perpendicularly to the beam propagating direction 
toward both sides along the plane of the substrate and are arranged at regular intervals in the beam propagating direc- 
tion. Thus, branches 12b are arranged in a ladder geometry when it is viewed from the top, forming a rectangular wave- 
form arrangement. In this way, core 12 of this embodiment constitutes a grating structure in which the width of core 12 
is made to vary periodically in the beam propagating direction with branches 12b. 

Concerning the materials, as an example, core 12 is mainly composed of silica (Si0 2 ) to which one or more than 
one kind of substances such as Ge0 2 , B 2 0 3 , P 2 0 5 etc., are added in appropriate amounts. Cladding 14 comprises an 
upper cladding 14u (upper part of core 12 inclusive of the side parts of the core) and a lower cladding 14d; both parts 
ar mainly composed of silica (Si0 2 ) to which one or more kinds of substances such as B 2 0 3 , P 2 O s etc., are added in 
appropriate amounts. The quantities, combination or the like, of the added components to core 12 as well as to cladding 
14 should not be particularly limited, but can be selected arbitrarily in conformity with the use, etc. The refractive index 
of cladding 14 is set lower than that of core 12 (e.g., A = 0.3 % for the core relative to the cladding). In the embodiment 
of Fig.3B, when, as an example, substrate 10 has a thickness of 1 mm and the core main stem 12a has dimensions of 
8 urn x 8 pm (height (t) x width (w)), then the loss of waves transmitted can be suppressed less than 0.1 dB/cm (1 30 
urn). Any of the above specifications are mere examples, and it is, needless to say, possible to properly designate spec- 
ifications within the scope of the invention in accordance with the characteristics and performance demanded. 

Referring next to Figs.5A-5D, the production process of the optical waveguide filter of the embodiment will be 
described. 

First, as shown in Fig.SA, a Si-wafer 18 to be a substrate 10 is subjected to the RCA cleansing (silicon surface 
cleansing). Then, as shown in Fig.SB, a two-layered slab glass 20 is laminated and solidified on wafer 18 In this case 
glass soot is deposited on wafer 18 by the FHD (flame hydrolysis deposition) method and then the wafer 18 with glass 
soot deposited thereon is sintered under a helium (He) and oxygen (0 2 ) atmosphere at a temperature of 1 290°C to form 
a transparent glass layer (composed of cladding glass layer 20a and a core glass layer 20b) on wafer 18. Then, a Si- 
resist film 20c is formed over the transparent glass layer by Ar-sputtering deposition. 

Subsequently, the wafer is patterned and processed by the well-known photolithographic method forming a 
waveguide core as shown in Fig.SC. In this case, after wafer 18 is cleaned, a core pattern shown in Figs.3A, 3B, Figs 4A 
and 4B is formed on the top layer of the glass 20, or the inorganic resist film, then this is subjected to reactive ion etching 
(RIE) thereby forming core 12 which has periodically arranged rectangular projections on both sides. 

Next, as shown in Fig.SD, the surrounding and upper layer of core 12 is filled up with cladding 14 similarly by the 
FHD method and sintering (filling and sintering process). This cladding 14, either upper or lower portion, is formed with 
a refractive index which is lower than that of core 12, thus allowing the embedded core 12 itself to form an optical 
waveguide of a grating structure. 

Wafer 1 8 in which a waveguide has been formed with core 1 2 as stated above, is cut on its periphery into a required 
shape as the filter, forming the product, an optical waveguide filter. 

Thus, for the waveguide filter of the embodiment, a grating structure is formed in such a manner that the effective 
refractive index of the waveguide core is periodically varied by changing the shape of the waveguide at regular intervals 
in the beam propagating direction without changing the intrinsic refractive index of the waveguide core. Therefore, it is 
possible to produce a grating within the producing stage of the waveguide, without requiring a different step in which a 
grating is formed by the irradiation of ultraviolet light after the production of the waveguide as performed in the conven- 
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tional waveguide filter shown in Fig.t . As a result, the grating can be formed at the same time as the waveguide is pro- 
duced, without needing to irradiate with ultraviolet light to form a grating in the waveguide. 

Although in the above embodiment, the waveguide width is made to vary in a rectangular waveform arrangement, 
in the actual process, the width may be made to vary in a trigonometric functional manner. Alternatively, a technique 
5 involving cutting the waveguide may be used. 

Here, Varying in a trigonometric functional manner' means a sinusoidal variation, for instance. 'Cutting the 
waveguide* involves a plurality of slits formed through the core at intervals of an arbitrary distance along planes which 
are perpendicular to the beam propagating direction in the core of the waveguide to form an intermittent configuration. 

Here, the 'effective refractive index' is determined from effective wave equations. That is, when the shape etc. of 
10 the core varies two dimensionally, or in the x-direction and y-direction as in a planar waveguide, the wave equations 
obtained from this geometry are taken to be as if they were obtained from a configuration in which the refractive index 
varies one<Jimensionally as in the case of an optical fiber. The thus obtained refractive index is used as the 'effective 
refractive index'. The variation in the effective refractive index due to the difference in width of the core can be calculated 
based on the technique of the effective refractive index method, and the results are shown in Table 1 below: 

75 



Table 1 



Core width and effective refractive index 


Core width w(^m) 


6 


9 


Core height t(iim) 


8 


8 


Refractive index of cladding 


1.44466 


1.44466 


Relative refractive index difference of core to cladding 


0.27% 


0.27% 


Effective refractive index 


1 .44976 


1.45031 


(wavelength = 1 .51 jim) 



30 

Here, the waveguide shown in Table 1 , was an example obtained based on the procedural steps from Figs.5A-5D 
having a configuration shown in Figs.3A and 3B, the compositions of the core and cladding are as follows: (% repre- 
sents wt.%). 

35 Core: 4 % Ge0 2 , 1 0 % B 2 0 3l 5 % P2O5, Si0 2 (silica) for almost all of the remaining part 
Cladding: 20 % B 2 0 3 , 10 % P 2 O s , Si0 2 (silica) for almost all of the remaining part 

Next, when a grating filter with its core width varying in the longitudinal direction is considered, the refractive index 
varies with approximately 1x1 0" 3 . The filtering characteristics of this grating can be calculated by the 2DBPM (2<limen- 
sional beam propagation method). The result is shown in Fig.6A. In this case, as shown in Fgi.6B, the waveguide has, 
in total, 32 branches 1 2b of 200 *im long in the beam propagating direction, spaced 200 jam between adjacent branches 
12b. 

From the above conditions, grating filters were produced in practice, and the filtering characteristics as shown in 
Fig. 7 were obtained. Since this filter has a rejection of about 5 dB (grating length = 9 mm) as seen in Fig. 7, it is under- 
stood that this filter can be put into practical use for adjusting gains of optical amplifiers. 

Although in the above embodiment the present invention has been applied to a radiation grating, it is also possible 
to apply it to refection gratings because this invention essentially uses the principle that the refractive index is effectively 
made to vary in the longitudinal direction by changing the shape of the waveguide in the same direction. 

As has been described, in accordance with the invention, it is possible to produce gratings using the normal proc- 
ess for producing waveguides. As a result, no extra process is needed for the production of the grating, thereby the time 
for the fabrication can be markedly reduced. 

The processing accuracy of the grating falls within 1 jim, which is 5 to 10 times as precise as in the case where 
gratings are fabricated by using ultraviolet irradiation. 

No damage is caused because of the omission of the ultraviolet irradiating process, th refore the material for the 
substrate such as silica does not need to be selected so strictly. Hence, this results in a wide variation of material which 
can be selected. 

Since the shape of the grating can be modified by changing the shape of the mask, the controllability is high com- 
pared to the case where ultraviolet irradiation is used, thus making it possible to produce a free shape of waveguide. 
Further, the ability to reproduce identical products is theoretically almost 100 %, this means that filters showing 
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good performances can be produced at a high yield. 
Claims 

1 - An optical waveguide filter having a planar optical waveguide in which an optical waveguide is formed along a sub- 
strate, said optical waveguide filter being characterized in that the optical waveguide has a grating structure in 
which the width of the waveguide is varied periodically in the beam propagating direction. 

2. An optical waveguide filter according to Claim 1 wherein the optical waveguide is structured of a core along the sub- 
strate and a cladding enclosing the core. 

3. An optical waveguide filter according to Claim 2 wherein the core is mainly composed of Si0 2 to which one or more 
than one kind of substances such as Ge0 2 , B 2 0 3 , P 2 0 5 and the like are added in appropriate amounts. 

4. An optical waveguide filter according to Claim 2 wherein the cladding is mainly composed of Si0 2 to which one or 
more kinds of substances such as B^, P 2 O s and the like are added in appropriate amounts. 

5. An optical waveguide filter according to Claim 2 wherein the cladding has a lower refractive index than the core. 

6. A production process of an optical waveguide filter whereby a planar waveguide is produced by forming an optical 
waveguide along a substrate, said production process comprising: 

an optical waveguide forming step for creating a core to be an optical waveguide having a grating structure in 
which the width of the core is varied periodically in the beam propagating direction; and 
a waveguide embedding step for covering the formed core with a cladding having a lower refractive index than 
the core so as to allow the core to be an optical waveguide. 

7. A production process of an optical waveguide filter according to Claim 6, comprising the steps of: 

30 using a Si-wafer as the substrate; 

depositing glass soot on the wafer by flame hydrolysis deposition (FHD); 

sintering the deposited glass soot to form a cladding glass layer; 

forming a Si-resist film over the cladding glass layer by Ar-sputtering deposition; 

forming a core pattern by photolithography; 
35 forming a core by reactive ion etching (RIE); and 

filling a cladding around and over the core to embed the core by the same FHD and sintering process. 

8. A production process of an optical waveguide filter according to Claim 6, wherein the optical waveguide has a grat- 
ing structure in which the width of the waveguide is varied periodically in a rectangular waveform arrangement in 

40 the beam propagating direction. 

9. A production process of an optical waveguide filter according to Claim 6, wherein the optical waveguide has a grat- 
ing structure in which the width of the waveguide is varied sinusoidally in a trigonometric functional manner in the 
beam propagating direction. 

45 

10. A production process of an optical waveguide filter according to Claim 6, wherein, in forming the grating structure 
having a core to be an optical waveguide, the core of the waveguide is cut through by forming a plurality of slits 
along planes which are perpendicular to the beam propagating direction, at intervals of an arbitrary distance to form 
an intermittent configuration. 

1 1 . A production process of an optical waveguide filter according to Claim 6, wherein the grating structure formed is of 
radiation type. 

1 2. A production process of an optical waveguide filter according to Claim 6, wherein the grating structure formed is of 
55 reflection type. 
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Fig. 3 A 
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Fig. 5 A 
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Fig. 6 A 
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